Aspergillus flavus mural endocarditis was diagnosed after death in a 19-year-old man who had undergone orthotopic liver transplantation 4 months before death. His course was complicated by severe acute graft rejection, which required additional transplants 2 and 4 months, respectively, after the first. Review of the medical literature documented an additional 28 cases of aspergillus endocarditis in patients without prior cardiac surgery. The majority of the patients were immunosuppressed. The most common presenting feature was fever, and embolic phenomena occurred in half of the patients during illness. No blood cultures yielded Aspergillus species. Laboratory findings were nonspecific. The diagnosis was made before death in only seven cases. It was based on histologic examination of either embolectomy tissue (four patients) or skin biopsy tissue (one patient) and on echocardiographic demonstration of vegetations (two patients). Echocardiography failed to show vegetations in five of nine cases tested. Two patients survived. Aspergillus endocarditis should be considered in an immunocompromised host who presents with fever and embolic phenomena, with or without a cardiac murmur, and whose blood cultures are sterile. 
On 21 October the patient was again admitted because of elevated values in liver function tests. Liver biopsy showed moderate graft rejection. Despite treatment with Solu-Medrol (three 500-mg and two 1-g iv boluses) and Atgam (antithymocyte globulin; Upjohn, Kalamazoo, Mich.) in addition to maintenance cyclosporin (500-800 mg twice daily), his condition did not improve. A second liver biopsy showed both severe graft rejection and inclusions consistent with CMV, which prompted a second course of ganciclovir. Over the next 3 days, the bilirubin level increased from 11 mg/dL to 48 mg/dL, the hemoglobin level dropped from 9.3 g/dL to 7.6 g/dL, and the platelet count decreased from 200,000/mm3 to 3,600/mm3.
A third liver transplantation and a splenectomy were done on 12 November. During the procedure a pancreatic abscess was discovered and drained. Cultures of spleen and pancreatic drainage yielded E. cloacae, and the patient was treated with ampicillin, gentamicin, and metronidazole. His postoperative course was complicated by hypotension, renal failure, and disseminated intravascular coagulation. An electrocardiogram showed a new right bundle branch block, and two-dimensional echocardiography showed right ventricular enlargement and a tricuspid valve density. Replacement of the patient's Swan-Ganz catheter was difficult because of an apparent obstruction of the tricuspid valve. Despite aggressive fluid replacement, bicarbonate and blood product therapy, and administration of multiple pressor agents, the patient's condition continued to deteriorate, and he died on 16 November.
At postmortem examination, a large mural thrombus (4.5 cm x 4 cm x 4 cm) was found to occupy the basal two-thirds of the right ventricular cavity (figure 2). The leaflets of the tricuspid valve were loosely embedded in the thrombus. A smaller thrombus (0.7 cm x 0.5 cm x 0.3 cm) was located in the outflow tract of the right ventricle. Small abscesses were scattered throughout the myocardium. Viewed histologically, sections of both the thrombi and the myocardium revealed dichotomously branching septate hyphae, which in the myocardium demonstrated a predilection for vascular wall invasion (figure 3).
Multiple thromboemboli associated with areas of hemorrhagic infarction were present in both lungs. Histologic examination of these areas revealed septate hyphae, which invaded vessel walls and extended into the lung parenchyma, and a prominent acute inflammatory response within the alveolar spaces. Areas of bile-stained necrosis were present in the cerebrum, cerebellum, and brainstem; microscopy showed septate hyphae involving vessel walls and extending into the necrotic parenchyma.
Throughout the mesentery and omentum there were multiple small abscesses, and a large abscess cavity was located in the area of the pancreas. The vascular and biliary tract anastomoses associated with the liver transplant were patent and intact. Clinical manifestations. Initial clinical manifestations and those that became evident during the course of the illness could be reviewed for 27 patients (table 2). The most common manifestation, present in 24 (89%) of the patients, was fever. Embolic phenomena involving either the extremities or the central nervous system occurred in 13 patients (48%). Six patients had respiratory complaints (chest pain, cough, and/or shortness of breath). Four patients had nonspecific complaints of weight loss, fatigue, or weakness. Physicalfindings. The physical findings present at any time during the course of illness were reviewed for 27 patients (table 3) . Fever, the most common finding, occurred in 24 patients (89%). A heart murmur was auscultated in 14 patients (52%), but in three instances was probably hemic in origin. Five patients (19%) had splenomegaly, but in two cases the enlargement was related to the underlying disease. Hand and/or foot ulcers developed in four patients, Roth's spots in two patients, and splinter hemorrhages with a rash, a purpuric rash, and retinal hemorrhages in one patient each.
Laboratory and radiographic studies. Laboratory findings were nonspecific. Anemia was present in 11 of the 13 patients for whom data were available. Seven of 11 patients whose WBC counts were mentioned had leukocytosis. One of the seven patients had a WBC count of 150,000/mm3, with 95% blast forms and 1% polymorphonuclear leukocytes (PMNs); there were no PMNs after chemotherapy. Two patients were leukopenic (<1,000 WBCs/mm3). Urinalysis results were mentioned for six patients: three patients had normal findings, and one patient each had albuminuria and microscopic hematuria, albuminuria and pyuria, and microscopic hematuria alone. Three patients became thrombocytopenic after hospitalization for several weeks, and examination of the peripheral blood smear of two of these patients revealed red blood cell fragments. Two of three patients tested had an elevated erythrocyte sedimentation rate. CSF was examined in four patients. Three patients had CSF pleocytosis; for the remaining patient the WBC count in CSF was not mentioned, but the protein level was elevated.
All patients had multiple blood cultures, none of which yielded Aspergillus. One culture of blood taken from a 7-week-old girl 10 days before her death was reported to have "no growth, with mold contamination" [7] . The electrocardiogram (ECG) results for 13 patients were reviewed. (ECG results for one patient reported in the non-English-language literature were mentioned but are not included because of difficulty in translation [26] .) Results for three patients were within normal limits, and three had nonspecific STsegment and T-wave abnormalities. Of two patients with left axis deviation, one also had evidence of an old inferior wall myocardial infarction. One patient had evidence of posterior wall ischemia plus changes suggestive of pulmonary hypertension. One patient had sinus rhythm with ventricular premature systoles and runs of atrial tachycardia. The initial ECG of a patient with acute lymphocytic leukemia who presented with acute chest pain and syncope showed an incomplete right bundle branch block and ischemic changes in the inferior leads [15] . Pulmonary aspergillosis was diagnosed in this patient; he became hypotensive after -3 weeks of amphotericin B therapy, and an ECG showed inferior Q waves and complete heart block. A temporary pacemaker was inserted, but the patient died 2 days later. Autopsy revealed aspergillus endocarditis with extensive myocardial involvement. In another patient complete right bundle branch block and first-degree atrioventricular block developed over a 3-week period [10] . Our patient had a new right bundle branch block on the day before his death.
Three patients underwent bronchoscopy, which provided material diagnostic of aspergillosis in only one case [15] . From that patient a mucus plug was removed, and histologic examination of both the mucus plug and multiple mucosal biopsies demonstrated septate hyphae consistent with Aspergillus species. Chest roentgenographic findings were described for 21 patients (table 4). Five patients had normal X-ray films of the chest throughout their illness. Abnormalities of the lung fields were evident from the initial films of only two patients. In the remaining cases, abnormalities developed-and in some instances progressed -during the hospital course. The most common findings were localized or diffuse pulmonary infiltrates. One patient had a normal chest roentgenogram, but computed tomograms of the chest demonstrated a small retrocardiac density. Both pleural effusions (three patients) and cavitary lesions (one patient) were uncommon. Two-dimensional echocardiography was performed in nine cases and was diagnostic of endocarditis in four cases. One patient was a 42-year-old man who presented with acute aortic insufficiency and congestive heart failure [26] . Two-dimensional echocardiography demonstrated vegetations involving the aortic valve, and Aspergillus fumigatus was recovered from the surgically removed valve. Disseminated aspergillosis had been diagnosed in the second patient by biopsy of a cutaneous lesion [24] . After two negative echocardiograms, subvalvular mitral vegetations were visualized.
In the third case, the positive echocardiogram followed removal of an embolectomy specimen in which hyphae were seen [19] . Mitral valve replacement with a porcine valve was performed, and the patient experienced progressive postoperative deterioration of his vision. A two-dimensional echocardiogram done 26 days after surgery showed a normally functioning valve without vegetations. Over the next month the patient's visual acuity continued to decline, and he was hospitalized because of a changing cardiac murmur. Echocardiography showed a large mass on the porcine prosthesis.
Aspergillosis was diagnosed in the fourth patient by biopsy of a foot nodule, which was performed after two negative echocardiograms [21] . Finally, a . The left side of the heart was involved in 24 patients (89%), the right side in 11 (41%), and both sides in 8 (30%). Valvular lesions were present in 16 patients (59%/o), most commonly involving the mitral valve. Vegetations of the mural endocardium alone occurred in 11 patients (41%). Eleven patients had more than one endocardial lesion. Myocardial abscesses developed in 18 patients (67%), and two patients had associated pericarditis. The exact site(s) of endocardial involvement were not mentioned for two patients: one was said to have "pancarditis" [18] and the other to have "fungal growths on the heart valves" [27] .
Extracardiac organ involvement. Sites of aspergillus infection outside the heart are listed in table 7 for 27 patients. The lungs (16 patients), brain (11), kidneys (11), and spleen (7) were the organs most frequently involved. Thirteen patients (48%) had involvement of more than one organ. Two patients had no evidence of extracardiac involvement (except for prolonged administration of antimicrobial agents. In our opinion, another potential risk factor is the long-term presence of intravascular catheters, particularly those that enter the right side of the heart. These catheters can certainly injure the mural endocardium, thus serving as a nidus for thrombus formation, embolism, and/or infection [30] . In a review of fungal infections of the heart at Johns Hopkins Hospital, 77% of patients with fungal (candida or aspergillus) endocarditis had undergone prolonged intravenous catheterization [4] . Our patient had a Swan-Ganz catheter in place at different times during his hospitalization, in addition to the nearly continuous presence of one or more intravascular catheters. Although specific information was not provided, it is quite possible that several of the patients whose cases we reviewed experienced multiple breaks in their vascular systems due to placement of intravascular catheters, central venous pressure monitors, cardiac catheters, and/or multiple venipunctures.
In addition to the appropriate host milieu, there must be a point of entry for the fungus. Aspergilli are airborne organisms that are ubiquitous in the environment. As such, they could certainly be implanted directly during surgical procedures, and this is the most likely scenario in many cases of prosthetic valve endocarditis [2, 5] . Other possible portals of entry include contaminated intravascular catheters, the respiratory tract (either the sinuses or the lungs), and the gastrointestinal tract. Events leading to infective endocarditis once the fungus has gained access to an appropriate host are not well delineated. In general, three elements are critical to the development of infective endocarditis: the valve must allow adherence of the organism, the organism must become firmly implanted, and the organism must survive and propagate to produce a vegetation [31] . Before an organism can adhere to the valvular endothelium, the endothelial surface must be altered in a manner that allows the deposition of platelets and fibrin, which in turn permits colonization of the endothelial surface by the circulating organism. Our review revealed that aspergillus endocarditis was diagnosed before death in only one-fourth of patients, whether or not there was a history of cardiac surgery. In most cases the diagnosis was made by histologic examination of embolectomy or skin biopsy tissue. In three of the cases that we reviewed, positive histology was supplemented by echocardiographic visualization of valvular vegetations; in one case, echocardiography was the basis for the initial diagnosis. A significant finding in our review was that two-dimensional echocardiography provided false-negative results in five of the nine patients tested. Moreover, two of the positive echocardiograms were for patients who had had two previous negative results.
Because of failure to make an antemortem diagnosis, mortality from aspergillus endocarditis in all series was extremely high. Only two patients (7%) included in our review survived, and similar survival rates have been reported by other authors [2] . One of the survivors in our series was a 36-year-old woman with no predisposing factors who was treated with valve replacement and concomitant amphotericin B (total, 3.3 g) [ In summary, native valve or mural endocarditis caused by Aspergillus species occurs primarily in immunocompromised patients, many of whom have more than one predisposing factor. Although the clinical presentation is nonspecific, this entity should be included in the differential diagnosis when an immunosuppressed patient presents with fever and embolic phenomena, with or without a heart murmur, and sterile blood cultures. Given that fungal blood cultures are rarely positive and that echocardiography has often failed to detect vegetations, better diagnostic techniques are needed. Serologic tests that measure both antibodies and antigen in patients with aspergillosis have been developed [39-42]. Aspergillus antibody tests have limited value in immunosuppressed patients whose capacity to produce antibodies is compromised. Various methods of aspergillus antigen detection do show promise for the diagnosis of invasive disease; however, at the present time these tests are technically difficult to perform, are very time-consuming, and consequently are not easily adapted to the routine clinical microbiology laboratory. Moreover, a positive antigen test indicates only the presence of invasive aspergillosis; it has no diagnostic utility with regard to the existence of fungal endocarditis. Therefore, a high degree of clinical suspicion remains paramount in diagnosis. It is hoped that greater awareness of the disease will result in more frequent diagnoses early in the course of illness and, consequently, in a reduction of the extremely high mortality rate.
